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Developmental Disruption of Thyroid Hormone: 
Correlations with Hearing Dysfunction in Rats 
K. M. Crofton* 
A wide variety of environmental contaminants adversely affect thyroid hormone (TH) home-
ostasis. Hypothyroidism and/or hypothyroxinemia during the early postnatal period in the rat 
leads to permanent structural damage and loss of function in the cochlea. A major uncertainty 
in assessing the risks of developmental exposure to thyroid-disrupting chemicals (TDCs) is the 
lack of a clear characterization of the dose-response relationship, especially in the lower re-
gion, between disruption of hormones and adverse consequences. The current work correlated 
early postnatal hypothyroxinemia with hearing loss in the adult rat. Linear regression was per-
formed on the log transform for total serum thyroxine (T4) concentrations on postnatal day 
14 or 21 versus dB(SPL) of hearing loss in adult animals developmentally exposed to TDCs. 
Regression analyses revealed a highly significant correlation between T4 concentration and 
hearing loss. In the rat, a 50-60% decrease in circulating T4 was needed to significantly impact 
hearing function . This correlation suggests that T4 serum concentrations at 14 or 21 days of 
postnatal age may be a good predictive biomarker in rodents of the adverse consequence of 
developmental exposure to TDCs. 
KEY WORDS: Developmental thyroid disruption; endocrine disruptors; hearing loss 
1. INTRODUCTION 
Broadly defined, thyroid-disrupting chemicals 
(TDCs) are chemicals that alter the structure or func-
tion of the thyroid gland, alter regulatory enzymes 
associated with thyroid hormones (THs), or change 
circulating or tissue concentrations of THs. A wide 
range of chemicals with diverse structures act as TDCs 
(Colborn et aI., 1993; Brouwer et al., 1998; Brucker-
Davis, 1998; Hurley, 1998; DeVito etal., 1999; Zoeller 
& Crofton, 2000; Porterfield, 2000). Some chemicals, 
such as perchlorate, inhibit the uptake of iodide into 
the thyroid and subsequently decrease TH synthesis 
(Wolff, 1998). Other chemicals decrease TH synthe-
sis by inhibition of thyroid peroxidase (McClain, 1995; 
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Capen, 1997, 1998; Hill et aI., 1998; Hurley, 1998). A 
number of chemicals alter the catabolism of THs via 
upregulation of TH -glucuronidation, which increases 
biliary elimination of these hormones (Oppenheimer 
et al., 1968; McClain et al., 1989; Hood & Klaassen, 
2000; Klaassen & Hood, 2001). A hallmark effect 
of these diverse chemicals is the decrease in serum 
TH concentrations (Hill et aI., 1998; Hurley, 1998; 
Brucker-Davis, 1998; DeVito et al., 1999). 
Thyroid hormone insufficiency can have two ma-
jor consequences depending on the age of the organ-
ism when the exposure occurs. Effects of hypothy-
roidism acquired in adult humans can lead to any of 
a number of nonspecific clinical signs such as fatigue 
and constipation, dry skin, muscle cramps, and men-
orrhagis (Ladenson, 2000). In adult rodent models 
an additional effect of long-term thyroid disruption 
is thyroid tumor formation consequent to overstimu-
lation of the thyroid gland via upregulation of thyroid 
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 
     
          
        
       
       
      
        
       
       
      
       
      
      
       
       
         
   
      
          
      
      
      
       
      
       
         
       
       
       
        
       
        
        
      
       
      
        
         
       
        
      

     
     
        
    
          
        
       
       
        
       
         
       
       
       
        
         
    
       
      
       
      
        
        
      
     
     
          
        
        
      
        
       
      
        
       
      
      
      
        
 
 
  
     
       
          
        
         
       
         
        
       
        
        
       
        
      
       
        
  
     
     
 
        
       

    
    
     
    
   
 
       
         
       
     
   
       
      
     
      
      
    
         
        
       
  
       
      
       
       
         
       
       
      
       
         
       
         
         
       
        
        
         
        
          
         
        
         
        
         
          
          
         
       
          

         

   
       
       
        
      
        
         
        
         
        
       
       
       
           
        
         
      
 
      
      
    
     
       
          
    
      
      
         
      
        
     
          
   
         
      
        
      
     
      
       
      
     
       
          
      
      
          
         
    
       
         
       
         
    
        
        
       
      
       
       
         
      
       
       
       
          
        
       
       
      
     
      
        
      
       
       
        
          
       
     
        
      
       
         
      
       
       
          
        
      
      
        
   
         
      
         
      
       
         
       
       
        
       
       
       
         
   
         
      
        
     
       
 
       
        
         
       
        
       
        
          
    
     
     
    
           
        
       
      
       
       
       
        
          
      
     
         
       
         
       
       
   
     
      
      
      
       
      
      
        
       
     
     

       
        
    
      
        
       
      
     
        
       
     
  

            
            
          
     
  
         
         
        
       
 
         
     
            
         
     
       
        
   
       
      
         
        

          
       
  
        
       
        

         
          
      

             
            
        
      
        
    
             
      
         
    
    
           
       
     
            
       
      

           
     
        
      
     
          
       
       
  
           
        
       
      

        
        
      
  
     
     
     
  
 
          
         
       
   
           
       
        
        
         
          
       
      
    
        
         
        
      
  
            
        
       

          
      
       
   
            
      
      
       
    
            
      
         
  
             
      
    
       
           
        
  
    
           
            
      
        
  
          
          
        
  
    
      
       
    
             
         
    
          
         
    
 
          
        
   
          
      
   
           
        
      
      
        
            
       
        
         
         
         
     
         
      
         
     
  
         
          
     
       
    
  
      
        

         
      
       
            
     
       
         
        
        
        
          
   
            
        
       
 
        
 
          
     
   
          
      
         
  
           
     
      
     
        
        
         
         
    
        
      
 
         
       
      
    
             
      
     
          
       
      
  
       
     
     
      
      
     
          
       
        

       
    
           
   
            
       
       
       
             
         
     
       
      
        
      
            
        
       
    
  
           
      
      
       
     
       

      
        
   
         
        
  
          
        
        
              
       
       
       

        
   
          
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